This paper objective is to mitigate to what extent the Liddle empirical formula (which the initial power equation of 4 th order) may suit in designing road pavement lifespan for overloading vehicle roads. A case study was conducted in the Meredan highway, Siak, Riau, Indonesia. It was identified that the Truck Factor (TF) > 1 in this road. During 3 years project operation, the pavement condition has been deteriorated (Road Surface Index fail, IPf=1.5). Hence, the road was proven to be a failure before reaching its designated project lifespan (10 years). This study conducted various calculations by adjusting the Liddle empirical exponential formula (from power equation of 4 th to 6 th order) in order to fulfill the pavement lifespan which was capable to serve the overloading traffic loads in this road. This research has identified that there is a need to adjust the Liddle empirical formula by power equation of 6 th order to accommodate the current overloading vehicles.
INTRODUCTION
he traffic flow at the Meredan Junction passing Sultan Syarif Hasyim's Bridge at Siak, Riau Province, Indonesia has been dominated by heavy vehicles [1] . The types of heavy vehicles were mainly encompassing trucks and trailers carrying wood, palm oil, and CPO (Figure 1a ). These heavy vehicles were considered as overloading vehicles with the total axle load were more than a standard axle load of road class III (8 tons) . The wheel axle load data were obtained from the Siak Transportation Department and Dirjen Bina Marga Department [1, 2] . The traffic flow of this road was also relatively heavy ( Figure 1b ). The location of The road was fully operated in 2010 and it designated project lifespan would be 10 years (up to 2019). Unfortunately, in 2013 the road surface condition has been deteriorated ( Figure 3 ) and the IPf reached 1.5. Figure 3 shows the damage of the Meredan pavement condition after approximately 3 years of the project operation which confirmed that the actual design lifespan was shorter than it should be. It was acknowledged that, various pavement calculations have been reviewed in many publications and literatures, but the common applications of the pavement thickness design in Indonesia have been empirical methods [3, 4, 5] .
The component analysis method 1987 was used to conduct the pavement design which was then replaced by the Bina Marga flexible pavement design Pt.T-01-2002-B. This was based on the AASHTO 1993 method. The pavement design manual No. 22.2/KPTS/Db/2012 was then latterly issued as a compliment to the Pt.T-01-2002-B Manual [3, 4, 5] .
The existing Liddle's formula for the equivalent axle load (EAL) calculation uses the power equation of 4 th order [6, 7, 8] . As the fact, the overload vehicles passing the Meredan road are very common then as a consequence the road lifespan might be shorter. It was assumed that the existing soil, subbase, and pavement layers were in good condition and were constructed according to the standard [5] .
Under the standard design condition, most of the engineers in Indonesia have calculated pavement road design using an empirical method based on the Bina Marga design manual of Pt.T-01-2002-B.
The results of the implementation of this manual, in general, have satisfied the objectives of road stakeholders, except for a certain condition of the road with overloading vehicle and truck factor >1. Under this circumstance, the condition of an initial road design (for example 10 years) becomes shorter. The pavement surface index will be degraded before reaching its lifespan [9, 10.11, 12, 13, 14] .
II. LITERATURE REVIEW

A. Equivalent Single Axle Load (ESAL)
The Equivalent Single Axle Load (ESAL) is a ratio of damage factor value caused by the single axle load (with a standard single axle load of 8.16 ton or 18.000 lbs) [13, 14, 15] . The ESAL of each configuration of the axle load is calculated based on the distribution of the vehicle wheel loads e.g. for a single axle wheel configuration is:
ESAL As the single axel front wheel and rear wheel are similar, thus it's ESAL (with using Liddle empirical power equation of 4 th order) = 0.0012. This study investigated the applicability of this Liddle empirical power equation of 4 th order for the Meredan overloading road, in Siak, Indonesia.
B. Truck Factor (TF)
The truck factor (TF) is one of the main causes of pavement deformation and pavement damage [16, 17] . These are determined by the ratio of the equivalent standard axle load to the average number of traffic loads. TF =
: Average number of traffic load.
A road was categorized as an overloaded one when the TF>1. Hence, this study has investigated whether the location of this study was overloaded road or not.
III. RESULTS
A. Traffic volume for the design lane
This study compiled daily traffic volume in 2010 and 2013. The following table shows the average daily traffic volume in 2010 and 2013. 
C. Equivalent Standard Axle Load (ESAL) calculation using Liddle exponential 4 th order
The Equivalent Standard Axle Load (ESAL) or number of load repetitions (which was converted to an axle load standard) was calculated for each type of vehicle. The following Table 2 shows an example of the ESAL of loaded vehicles using an initial power equation of 4 th order. (Table 2) Based on vehicle volume data in 2013, the ESAL total per day is presented in the following table ESAL total for this Meredan road per day was 4,675.9 (Table 3) , hence in a single year ESAL = 4,675.9 /day x 365 day = 1,706,707.95 axle load standard (2013). This ESAL will be used in the calculation of Cumulative Equivalent Standard Axle (CESA) load.
D. Equivalent Standard Axle (ESA)
Based on the Siak Transportation Department (2015) it was stated that in 2010, the ESA of this road was at the average of 4039. Then it was calculated the cumulative Equivalent Standard Axle (CESA) by multiplication of ESA x 365 days. Table 4 shows the calculation results of CESA from 2010-2019 (as an initial projected road design lifespan). Hence the ESA = 4,675.9/day was reached in the period of 2013-2014. As it was reported that, in 2013-2014 (3-4 years project operation) the road pavement condition has been deteriorated IPf =1.5). However, it was designated that the project design Hence, this study mitigated the degradation of this road with the assumption that there was an effect of overloading vehicle (truck factor) on the Liddle power equations for designing the road pavement lifespan. As the TF is higher than one (>1), then the road section is considered overloaded. It was identified that heavy vehicles in this road section were higher than the standard stated in the highway design capacity (HCM) manual 1983, 1987 and 1997 (for sub-urban roadway) [5, 13, 18] .
The numerical calculation used to calculate the existing cumulative traffic flow. This is presented as follow;
(8) Where Wt = Sum of the cumulative axle load within the designated design lifespan W18 = cumulative axle load for one year n = designated design lifespan (n) g = traffic growth (%).
E. Backward Analysis for the Cumulative Equivalent Standard Axle (CESA)
As the Meredan road pavement condition in the field was already deteriorated in 2013 (not in 2019), there was necessary to conduct the backward analysis by shifting the order of the Liddle equation which will closely matche with CESA of 17,701,326.67.
Trial and error approaches were applied in the calculation [19, 20] . It was tried initially by conducting calculation using of 4 th power exponential. The result was stated that the projected project lifespan was 10 years with CESA design of 17,701,326.67 (Table 4) .
Then it was tried to apply 5 th power exponential in the calculation. The results were obtained as follow; the projected project life span was 7 years with CESA approximately 17,306,145. Again it was tried to apply the power exponential of 6 th order from the Liddle equation (Table 5 ). (Table 5) There is a significant change in ESAL for the initial calculation (Table 2 ) and the final calculation ( Table 5 ). The final calculation of ESAL (Table 5) , especially for trucks and trailers, become 2 to 5 times greater than those in the initial one. This calculation will be used for calculating the CESA (Table 6 ).
It was obtained that the CESA design became 17,708,448.39 (Table 6) and it was almost similar to 17,701,326.67 (Table 4 ). It was also projected that the road pavement lifespan may be reached in 2013-2014 (with heavily damaging condition of IPf= 1.5).
The table 6 and 
IV. CONCLUSION
The percentage of overloading vehicles in Meredan, Siak, Indonesia was 47% with the Truck Factor (TF=8.06) > 1, thus this road is categorized as overloading road. Hence the existing road pavements were deteriorating (IPf=1.5) before reaching the designated project lifespan of 10 years. Then this study has applied various Liddle's empirical equation for calculating the damage factor or EAL from the power exponential of the 4 th to 6 th order. This study identified that the road lifespan would be reached IPf=1.5 in the period of 3.4 years of the project operation with the CESA of 17,708,448.39. Hence it is recommended to consider the Liddle power exponential of 6 th instead of 4 th order for designing this road lifespan in Meredan, Riau, Indonesia.
